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[57] ABSTRACT 
Hydroconversion processes for converting oil, coal or 
mixtures thereof are provided utilizing a catalyst pre~ 
pared by ?rst forming an aqueous solution of phospho 
molybdic acid and phosphoric acid at a speci?ed ratio 
of atoms of P/Mo, and subsequently adding this solu 
tion to a hydrocarbon material, followed by heating in 
the presence of H2 and/or H2S to form a solid molybde 
num and phosphorus-containing catalyst. 

12 Claims, 1 Drawing Figure 
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HYDROCRACKING WITH PHOSPHOMOLYBDIC 
ACID AND PHOSPHORIC ACID 

CROSS REFERENCE TO RELATED 
APPLICATIONS 

This application is a continuation-in-part of US pa 
tent application Ser. No. 728,280 ?led Apr. 29, 1985, the 
teachings of which are hereby incorporated by refer 
ence. 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
This invention relates to an improvement in a slurry 

hydroconversion process utilizing a metal-containing 
catalyst prepared from a catalyst precursor dispersed in 
a hydrocarbon. 

2. Description of Information Disclosures 
Slurry hydroconversion processes utilizing a catalyst 

prepared in a hydrocarbon oil from thermally decom 
posable or oil soluble metal compound precursors are 
known. See, for example, U.S. Pat. Nos. 4,226,742 and 
4,244,839. 

It is also known to use such catalysts in hydroconver 
sion processes (i.e., coal liquefaction) in which coal 
particles are slurried in a hydrocarbonaceous material. 
See, for example, US. Pat. No. 4,077,867. 
US. Pat. No. 4,196,072 discloses adding phosphoric 

acid and a poly acid such as phosphomolybdic acid in a 
speci?ed ratio to a carbonaceous chargestock of a hy 
droconversion process and converting said poly acid 
and phosphoric acid to a solid catalyst in said carbona 
ceous chargestock. 

It has now been found that if the phosphoric acid 
(H3PO4) is added ?rst to an aqueous solution of phos 
phomolybdic acid and the resulting mixture is mixed 
subsequently with a hydrocarbon to produce a catalyst 
precursor concentrate or a catalyst concentrate which 
is thereafter introduced into the carbonaceous charges 
tock, less undesired coke is produced and more nor 
mally liquid and normally gaseous hydrocarbon prod 
ucts are produced. 
The term “hydroconversion” with reference to a 

hydrocarbonaceous oil is used herein to designate a 
catalytic process conducted in the presence of hydro 
gen in which at least a portion of the heavy constituents 
of the oil is converted to lower boiling hydrocarbon 
products while it may simultaneously reduce the con 
centration of nitrogenous compounds, sulfur com 
pounds and metallic constituents of the oil. 
The term “hydroconversion” with reference to coal 

is used herein to designate a catalytic conversion of coal 
to normally liquid hydrocarbons in the presence of 
hydrogen. 

All boiling points referred to herein are atmospheric 
pressure equivalent boiling points unless otherwise 
speci?ed. 

SUMMARY OF THE INVENTION 

In accordance with the invention, there is provided a 
process for hydroconverting a carbonaceous charges 
tock comprising a catalyst to produce a hydrocon 
verted oil product, which comprises reacting said car 
bonaceous chargestock with hydrogen at hydroconver 
sion conditions, including a temperature ranging from 
about 800° to 900° F., said catalyst having been pre 
pared by the steps which comprise: (a) adding phos 
phoric acid to an aqueous solution of phosphomolybdic 
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2 
acid in an amount to provide an atomic ratio of phos 
phorus to molybdenum ranging from 0.12:1 to 0.45:1; 
and, subsequently (b) forming a mixture of a hydrocar 
bonaceous material and the aqueous solution resulting 
from step (a), in an amount to provide from about 0.2 to 
2 weight percent molybdenum, calculated as elemental 
metal, based on said hydrocarbonaceous material to 
produce a catalyst precursor concentrate; (c) introduc 
ing at least a portion of said catalyst precursor concen 
trate into said carbonaceous chargestock; and (d) heat 
ing the mixture resulting from step (b), or the mixture 
resulting from step (c) in the presence of a gas selected 
from the group consisting of a hydrogen-containing gas, 
a hydrogen sul?de-containing gas and mixtures thereof 
at conditions to convert said phosphomolybdic acid and 
said phosphoric acid to a solid molybdenum and phos 
phorus-containing catalyst. 

BRIEF DESCRIPTION OF THE DRAWING 

The FIGURE is a schematic flow plan of one em 
bodiment of the invention. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENT 

Referring to FIGURE, a heavy hydrocarbonaceous 
oil is introduced by line 10 into mixing zone 1. Suitable 
heavy hydrocarbonaceous oils for introduction into 
mixing zone 1, which may also serve as catalyst prepa 
ration zone, include hydrocarbonaceous oils comprising 
constituents boiling above 1050° F., preferably having 
at least 10 wt.% constituents boiling above lO50° F., 
such as crude oils, atmospheric residuum boiling above 
650° F., vacuum residua boiling above 1050” F. Prefera 
bly, the hydrocarbonaceous oil has an initial boiling 
point above at least 650° F. and comprises asphaltenes. 
Instead of using one zone such as mixing zone 1 as both 
mixing and catalyst preparation zone, a separate zone or 
vessel could be used after mixing zone 1 to prepare the 
catalyst (i.e., convert the catalyst precursor to the solid 
catalyst). The hydrocarbonaceous oil carried by line 10 
may be derived from any source such as petroleum, tar 
sand oil, shale oil, liquids derived from coal liquefaction 
processes and mixtures thereof. Generally, these oils 
have a Conradson carbon content ranging from about 5 
to about 50 wt.% (as to Conradson carbon, see ASTM 
test D-189-65). Phosphoric acid is added to an aqueous 
solution of phosphomolybdic acid and the resulting 
catalyst precursor solution is introduced into mixing 
zone 1 by line 12. It should be noted that commercially 
available phosphomolybdic acid, as purchased, typi 
cally contains an atomic ratio of P/Mo ranging from 
about 0.08:1 to 0.10:1. The phosphoric acid is added to 
the phosphomolybdic acid in an amount to provide an 
atomic ratio of phosphorus to molybdenum (P/Mo) in 
the solution ranging from 0.12:1 to 0.45:1, preferably, 
from 0.2:1 to 04:1. This ratio includes the total phos 
phorus present, that is, the phosphorus derived from the 
phosphoric acid and the phosphorus derived from the 
phosphomolybdic acid. The term “atom” is used herein 
to connote a gram-atom. A sufficient amount of the 
aqueous phosphomolybdic acid plus phosphoric acid 
solution (catalyst precursor solution) is introduced into 
mixing zone 1 to provide from about 0.2 to 2, preferably 
from about 0.2 to 1 wt.%, more preferably from about 
0.3 to 1 wt.% molybdenum from the phosphomolybdic 
acid, calculated as elemental metal based on the hydro 
carbonaceous oil. The resulting mixture will herein be 
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designated “catalyst precursor concentrate”. Prefera— 
bly, any water that may still be present in the catalyst 
precursor concentrate (i.e., water that has not yet evap 
orated) is removed from the catalyst precursor concen 
trate (dewatered) by heating the catalyst precursor 
concentrate to a temperature sufficient to evaporate 
(flash off) the water. If desired, the phosphomolybdic 
acid and phosphoric acid (catalyst precursor) may be 
converted to a solid catalyst in mixing zone 1 by intro 
ducing a gas selected from the group consisting of hy 
drogen-containing gas, a hydrogen sul?de-containing 
gas and mixtures thereof by line 14 into mixing zone 1 
and heating the catalyst precursor concentrate to a 
temperature ranging from about 500° to 779° F., more 
preferably to a temperature ranging from 650° to 779° 
F., more preferably from about 680° to 730° F., and a 
total pressure ranging from 50 to 5000 psig,'preferably 
from about 100 to about 2000 psig. Preferably the gas 
comprises hydrogen and from about 1 to 90 mole per 
cent hydrogen sul?de based on the total gas. It is not 
necessary to convert the phosphomolybdic acid and 
phosphoric acid to a solid catalyst at this stage. If the 
catalyst precursor concentrate is not heated in the pres 
ence of a gas at conditions to convert the phosphomo 
lybdic acid and phosphoric acid to the solid molybde 
num and phosphorus-containing catalyst, then the efflu 
ent of the mixing zone removed by line 16 will be the 
catalyst precursor concentrate. Preferably, water is 

v..removed from the catalyst precursor concentrate either 
in zone 1 by heating the catalyst precursor concentrate 
at a temperature suf?cient to evaporate the water or the 
catalyst precursor concentrate, after being removed 
from zone 1, may be passed to a drying zone (not 
shown) to evaporate water from the catalyst precursor 
concentrate. The molybdenum and phosphorus-con 
taining concentrate, which may be a catalyst concen 
trate or a catalyst precursor concentrate, is removed by 
line 16 and introduced into line 18 which carries a car 
bonaceous chargestock comprising a hydrocarbon. The 

. hydrocarbon comprised in the chargestock may have 
‘the same or a different boiling point range from the 
~uboiling point range of the hydrocarbon of line 10. The 
carbonaceous chargestock may be a hydrocarbona 
ceous oil or coal in a hydrocarbon diluent. Suitable 
hydrocarbonaceous oil chargestocks include crude oils; 
mixtures of hydrocarbons boiling above 430° F., prefer 
ably above 650" F., for example, gas oils, vacuum re 
sidua, atmospheric residua, once through coker bot 
toms. The hydrocarbonaceous oil chargestock may be 
derived from any source, such as petroleum, shale oil, 
tar sand oil, oils derived from coal liquefaction pro 
cesses, including coal liquefaction bottoms, and mix 
tures thereof. Preferably, the hydrocarbonaceous oils 
have at least 10 wt.% materials boiling above 1050° F. 
More preferably, the hydrocarbonaceous oils have a 
Conradson carbon content ranging from about 5 to 
about 50 wt.%. Coal may be added to any of these oils. 
Alternatively, slurries of coal in a hydrocarbon diluent 
may be used as chargestock to convert the coal (i.e., 
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coal liquefaction). The diluent may be a single type of 60 
hydrocarbon or a mixture of hydrocarbons and may be 
a light hydrocarbon or a heavy hydrocarbon, as de 
scribed in US. Pat. No. 4,094,765, column 1, lines 54 to 
column 2, line 43, the teachings of which are hereby 
incorporated by reference. When the chargestock into 
which at least a portion of the catalyst precursor con 
centrate or catalyst concentrate of line 16 is introduced 
is an oil, the concentrate disperses in the oil. If the char 
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4 
gestock comprises coal in a diluent, the portion of con 
centrate of line 16 is added to the diluent before, after or 
simultaneously with the addition of coal to the diluent. 
If the catalyst precursor concentrate has been added to 
the carbonaceous chargestock (instead of the catalyst 
concentrate), the phosphomolybdic acid and phos 
phoric acid may be converted to the solid molybenum 
and phosphorus-containing catalyst at this stage by 
heating the resulting mixture of at least a portion of the 
carbonaceous chargestock and catalyst precursor in the 
presence of a gas selected from the group consisting of 
hydrogen-containing gas, hydrogen sul?de-containing 
gas or mixtures thereof at a temperature ranging from 
about 500° to about 779° F, more preferably at a tem 
perature ranging from about 650° to 779° F., and a total 
pressure ranging from about 50 to about 5000 psig, 
preferably a pressure ranging from about 100 to 2000 
psig. Alternatively, the chargestock comprising the 
catalyst precursor concentrate may be passed into the 
hydroconversion zone and the phosphomolybdic acid 
and phosphoric acid may be converted to the solid 
molybenum and phosphorus-containing catalyst to hy 
droconversion conditions. A hydrogen-containing gas 
is introduced by line 20 into line 18. The mixture of 
carbonaceous chargestock, catalyst concentrate or cata 
lyst precursor concentrate and hydrogen is passed into 
slurry hydroconversion zone 2. If the phosphomolybdic 
acid and phosphoric acid have not yet been converted 
to the solid catalyst, then the mixture of phosphomolyb 
dic acid and phosphoric acid in the carbonaceous char 
gestock introduced into the hydroconversion zone 2 is 
converted to a solid catalyst at hydroconversion condi 
tions. The catalyst precursor concentrate of line 16 is 
added to the carbonaceous chargestock in an amount 
sufficient to provide from about 10 to about 2000 wppm 
molybdenum, preferably 50 to 1000 wppm molybde 
num, calculated as the elemental metal, based on the 
total hydroconversion zone chargestock, i.e., concen 
trate plus carbonaceous chargestock. 

Suitable hydroconversion operating conditions are 
summarized in Table I. 

TABLE I 
Conditions Broad Range Preferred Range 

Temp., °F. 800 to 900 820 to 870 
H; Partial Pressure, 50 to 5000 100 to 2000 
P518 

The hydroconversion zone effluent is removed by 
line 24 and passed to a gas-liquid separation zone 3 
wherein the normally gaseous phase is separated from a 
normally liquid phase. The gaseous phase is removed 
from separation zone 3 by line 26. Alternatively, the 
gaseous phase, which comprises hydrogen, may be re 
cycled by line 28, preferably after removal of undesired 
constituents, to slurry hydroconversion zone 2 via line 
20. The normally liquid phase, which comprises the 
molybdenum-containing catalytic solids and a hydro 
converted hydrocarbonaceous oil product is passed by 
line 30 to separation zone 4 for fractionation by conven 
tional means, such as distillation into various fractions 
such as light, medium boiling and heavy bottoms frac 
tions. The light fraction is removed by line 32. The 
medium boiling fraction is removed by line 34. The 
heavy bottoms fraction is removed by line 36, and, if 
desired, at least a portion of the bottoms fraction com 
prising catalytic solids may be recycled to hydrocon 
version zone 2. 
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Furthermore, if desired, the catalytic solids may be 
separated from the hydroconverted oil product and the 
separated solids may be recycled to hydroconversion 
zone 2. The following examples are presented to illus 
trate the invention. 

EXAMPLE 1 

Preparation Of Catalyst Precursor Concentrate 
Comprising Phosphoric Acid Modi?ed 

Phosphomolybdic Acid In Atmospheric Residuum 
(Pitched Blade Impeller) 

Catalyst precursor concentrate preparation was car 
ried out ‘in a stainless steel tank that had a mixing zone 
with an internal diameter of 10 inches and a height of 12 
inches. A six-inch diameter, pitched blade impeller with 
four 45° blades was used for stirring and was operated at 
a speed of 400 revolutions per minute. Heat was sup 
plied by high pressure steam in coils on external sur 
faces of the tank and the tank was equipped for main 
taining a nitrogen atmosphere during concentrate prep 
arations. 

In the ?rst step of precursor concentrate preparation, 
48.35 g of a crystalline, commercial grade phosphomo 
lybdic acid (0.083/1 P/Mo atom ratio, 54.9 wt.% Mo) 
was dissolved in 601.1 g of deionized water at about 
120° F. and upon cooling to room temperature (approxi 
mately 76" F.) was mixed with 5.61 g of commercial 
grade phosphoric acid that contained 4.80 g (0.048 
mole) of phosphoric acid and 0.81 g of water. 

Next, 12,602 g of a heavy Arabian atmospheric resid 
uum that contained 50 wt.% material boiling above 975° 
F., 48 wt.% material boiling above 1050‘ F. and 11.9 
wt.% of Conradson carbon components, was charged 
to the mix tank, ?ushed with nitrogen and heated with 
stirring from room temperature to 178° F. At this point, 
the 663.3 g of phosphoric acid modi?ed phosphomolyb 
dic acid solution was charged to the tank (about 15 
seconds required) and stirring was continued for 30 
minutes at 178° F. under a nitrogen atmosphere. 
The resultant catalyst precursor concentrate, which 

contained 0.2 wt.% Mo and had a P/Mo atom ratio of 
0.26, was removed from the tank and stored at room 
temperature under nitrogen. This catalyst precursor 
concentrate of Example 1 is a catalyst precursor con 
centrate in accordance with the present invention. 

EXAMPLE 2 (COMPARATIVE) 

Preparation Of Catalyst Precursor Concentrate 
Comprising Phosphomolybdic Acid In Atmospheric 

Residuum 

A catalyst precursor concentrate was prepared ac 
cording to the procedure given in Example 1, except 
that phosphoric acid was not added to the water solu 
tion of phosphomolybdic acid. 
The water solution that was mixed with the residuum 

consisted of 48.35 g of the commercial-grade phospho 
molybdic acid (0.083/1 P/Mo atom ratio, 54.87% M0) 
in 614.9 g of deionized water. 
The resultant catalyst precursor concentrate con 

tained 0.2 wt.% Mo and had a P/Mo atom ratio of 
0.083/1. This catalyst precursor concentrate of Exam 
ple 2 is not a catalyst precursor in accordance with the 
present invention. 
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EXAMPLE 3 

Preparation Of Catalyst Precursor Concentrate 
Comprising Phosphoric Acid Modi?ed 

Phosphomolybdic Acid In Atmospheric Residuum 
(Flat Blade Turbine) 

A catalyst precursor concentrate was prepared ac 
cording to the procedure given in Example 1 except 
that (l) the pitched blade impeller was replaced with a 
4% inch diameter, ?at blade turbine with six blades and 
(2) the impeller was operated at 810 rpm. 
The water solution that was mixed with the residuum 

contained 56.3 g of phosphomolybdic acid (0.083/1 
P/Mo atom ratio, 47.08% Mo) and a 5.3 g of commer 
cial-grade phosphoric acid (contained 4.5 g of H3PO4 
and 0.8 g H2O) in 601.1 g of deionized water. 
The resultant catalyst precursor concentrate con 

tained 0.2 wt.% Mo and had a P/Mo atom ratio of 
0.26/1. This catalyst precursor concentrate of Example 
3 is a catalyst precursor concentrate in accordance with 
the present invention. 

EXAMPLE 4 (COMPARATIVE) 
Preparation Of Catalyst Precursor Concentrate 

Comprising Phosphomolybdic Acid In Atmospheric 
Residuum 

A catalyst precursor concentrate was prepared ac 
cording to the procedure given in Example 3. 
The water solution that was mixed with the atmo 

spheric residuum contained 56.3 g of phosphomolybdic 
acid (0.083/1 P/Mo atom ratio) in 606.4 g of deionized 
water. 7 

The resultant catalyst precursor concentrate con 
tained 0.2 wt.% Mo and had a P/Mo atom ratio of . 
0083/ l. This catalyst precursor concentrate of Exam 
ple 4 is not a catalyst precursor in accordance with the 
present invention. 

EXAMPLE 5 

Preparation Of Dewatered Catalyst Precursor 
Concentrate Comprising Phosphoric Acid Modi?ed 
Phosphomolybdic Acid In Atmospheric Residuum 

A catalyst precursor concentrate was prepared ac 
cording to the procedure given in Example 3, except 
that the precursor concentrate was subsequently heated 
to 300° F. with N2 ?ow to remove water. 
The resultant, dewatered catalyst precursor concen 

trate contained 0.21 wt.% Mo and had a P/Mo atom 
ratio of 0.26/1. This catalyst precursor concentrate of 
Example 5 is a catalyst precursor concentrate in accor 
dance with the present invention. 

EXAMPLE 6 

Hydroconversion Experiments Comparing Precursor 
Concentrates 

The relative effectiveness of the precursor concen 
trates of Examples 1 through 5 was determined in labo 
ratory hydroconversion tests which were carried out in 
the following manner: 
A 300 ml Autoclave Engineers stirred autoclave was 

charged at room temperature with an amount of cata 
lyst precursor concentrate (typically 15 g) that fur 
nished 250 wppm Mo on the total charge of hydrocar 
bonaceous materials which charge comprised the pre 
cursor concentrate and a heavy Arabian vacuum resid 
uum (typically 105 g) that contained 88.6 wt.% of mate 
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rial boiling above 975° F. and 21.1 wt.% of Conradson 
carbon components. 

After charging the catalyst precursor concentrate 
and residuum feed, the autoclave was ?ushed with ni 
trogen, sealed, and heated with stirring from room tem 
perature to 158° F. for a 15 minute stirred contact. 
The autoclave was cooled to room temperature, 

?ushed with hydrogen, charged with 50 psia HZS and 
1365 psia H2, and then heated with stirring from room 
temperature up to 725° F. for a stirred contact period of 
20 minutes. 
Upon completion of the 20 minute contact, a ?ow of 

Hg was started through the autoclave and the autoclave 
was heated to the hydroconversion reaction tempera 
ture of 830° F. where it was held with stirring for a 
period of 180 minutes. Autoclave pressure during this 
reaction period was held at 2100 psig and the gas ?ow 
(measured at the reactor outlet at room temperature and 
atmospheric pressure) was 0.36 liter/minute. 
The autoclave was then cooled, gaseous products 

were removed and collected for analysis of composition 
by mass spectrometry. Liquid and solid products re 
maining in the autoclave were removed by washing 
with toluene and the toluene wash was then ?ltered to 
recover insoluble solids. These solids were subsequently 
washed free of adhering oil with additional toluene and 
vacuum oven dried. 
The yield of coke for the hydroconversion reaction 

was determined by burning a weighed sample of the 
toluene insoluble solids to obtain the weight fraction of 
carbon and the yield of coke was calculated as shown in 
Equation (1). 
As can be seen from Table II, by comparing Example 

1 with Example 2 and Examples 3 and 5 with Example 
4, hydroconversion experiments utilizing a catalyst pre 
pared in accordance with the present invention (catalyst 
precursor concentrate of Examples 1, 3 and 5) resulted 
in lower coke yield. 

TABLE II 
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8 
ture from about 0.2 to 2 weight percent molybde 
num, calculated as elemental metal, based on said 
hydrocarbonaceous material to produce a catalyst 
precursor concentrate; 

(c) introducing at least a portion of said catalyst pre 
cursor concentrate into said chargestock; and 

(d) heating the mixture resulting from step (b), or the 
mixture resulting from step (c) in the presence of a 
gas selected from the group consisting of a hydro 
gen-containing gas, a hydrogen sul?de-containing 
gas and mixtures thereof at conditions to convert 
said phosphomolybdic acid and said phosphoric 
acid to a solid molybdenum and phosphorus-con 
taining catalyst. 

2. The process of claim 1 wherein prior to step (c), 
water is removed from said mixture of step (b). 

3. The process of claim 1 wherein said phosphoric 
acid is added in step (a) in an amount to provide an 
atomic ratio of P/Mo ranging from 0.2:1 to 0.411. 

4. The process of claim 1 wherein said heating of step 
(d) is conducted at a temperature ranging from about 
500° to 779° F. 

5. The process of claim 1 wherein in step (b), said 
molybdenum is present in said mixture in an amount 
ranging from about 0.2 to 1 weight percent. 

6. The process of claim 1 wherein said heating of step 
(d) is conducted at a temperature ranging from about 
650° to about 779° F. 

7. The process of claim 1 wherein said hydrocarbona 
ceous material of step (b) is an atmospheric residuum. 

8. The process of claim 1 wherein said catalyst pre 
cursor concentrate of step (b) is heated in the presence 
of said gas at conditions, including a temperature rang 
ing from about 500° to about 779° F., to convert said 
phosphomolybdic acid and phosphoric acid to produce 
said solid catalyst and, thereafter, at least a portion of 
the resulting concentrate comprising said solid catalyst 
is introduced into said chargestock. 

HYDROCONVERSION TEST RESULTS ON CATALYST PRECURSOR CONCENTRATES 

Experiment No. R-1491 R-1492 R-1457 R-1448 R-l82l 

Catalyst precursor Example 1 Example 2 Example 3 Example 4 Example 5 
concentrate of: 
P/Mo atom ratio 0.26 0.083 0.26 0.083 0.26 
Dewatered No No No No Yes 
Coke yield from hydrocon- 1.78 5.06 1.68 2.29 1.65 
version, wt. % on vacuum resid 

Equation (1) 
. _ g. toluene insoluble solids X wt. fraction carbon 

coke Ywld’ % _ g. vacuum residuum X 0.85‘ X 100 

‘This is an empirical factor for convening grams carbon to grams coke. 

What is claimed is: 
1. A process for hydroconverting a heavy hydrocar 

bonaceous oil chargestock comprising a catalyst to 
produce lower boiling hydrocarbon products, which 
comprises reacting said chargestock with hydrogen at 
hydroconversion conditions, including a temperature 
ranging from about 800 to about 900° F., said catalyst 
having been prepared by the steps which comprise: 

(a) adding phosphoric acid to an aqueous solution of 
phosphomolybdic acid in an amount to provide in 
said solution an atomic ratio of phosphoms to mo 
lybdenum ranging from 0.12:1 to 0.45:1; and, subse 
quently 

(b) forming a mixture of a hydrocarbonaceous mate 
rial having a different boiling point range from said 
chargestock and the aqueous solution resulting 
from step (a), in an amount to provide in said mix 
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9. The process of claim 1 wherein said catalyst pre 
cursor concentrate of step (b) is heated to remove the 
water, and, thereafter, the resulting water-free catalyst 
precursor concentrate is introduced into said charges 
took. 

10. The process of claim 1 wherein said hydroconver 
sion conditions include a temperature ranging from 
about 820° to about 870° F. and a hydrogen partial 
pressure ranging from about 50 to about 5000 psig. 

11. The process of claim 1 wherein said catalyst is 
present in said carbonaceous chargestock in an amount 
to provide from about 10 to about 2000 wppm molybde 
num, calculated as elemental metal, based on said carbo 
naceous chargestock. 

12. The process of claim 1 wherein said heavy hydro 
carbonaceous oil chargestock is a vacuum residuum. 

* It ‘k It‘ 4‘ 


